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A PROCESS FOR THE CATALYTIC PARTIAL OXIDATION OF A 
HYDROCARBONACEOUS FEEDSTOCK 

The present invention relates to a process for the 
catalytic partial oxidation of a hydrocarbonaceous 
feedstock. 

Partial oxidation of a hydrocarbonaceous feedstock, 
5 in particular hydrocarbons, in the presence of a catalyst 

is an attractive route for the preparation of mixtures of 
carbon monoxide and hydrogen, normally referred to as 
synthesis gas. The partial oxidation of hydrocarbons is 
an exothermic reaction represented by the equation: 
10 CnH2n+2 + n/2 O2 n CO + (n+1) H2 

The catalytic partial oxidation process could very 
suitably be used to provide the hydrogen feed for a fuel 
cell. In fuel cells, hydrogen and oxygen are passed over 
the fuel cell in order to produce electricity and water. 
15 Fuel cell technology is well known in the art. 

There is literature in abundance on the catalysts and 
the process conditions for the catalytic partial 
oxidation of hydrocarbons. Reference is made, for 
instance, to EP-A-303 438, US-A-5, 149, 464, EP-B-576 096, 
20 WO 99/37380, and WO 99/19249. 

However, there is still a need for catalysts for the 
catalytic partial oxidation of hydrocarbonaceous 
feedstocks having an improved performance, especially in 
terms of yield of the desired conversion product and 
25 maintaining a high yield after many hours on stream, i.e. 

catalyst stability. 

It has now been found that the catalyst performance 
in a process for the catalytic partial oxidation of a 
hydrocarbonaceous feedstock, especially the initial yield 
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and the catalyst stability can be improved by coating the 
catalyst carrier with stabilised or partially stabilised 
zirconia. 

Accordingly, the present invention relates to a 
5 process for the catalytic partial oxidation of a 

hydrocarbonaceous feedstock comprising contacting the 
hydrocarbonaceous feedstock and an oxygen-containing gas 
with a catalyst in a reaction zone, wherein the catalyst 
comprises at least one metal selected from Group VIII of 

10 the Periodic Table supported on a ceramic or metal 

catalyst carrier, which carrier is coated with a 
stabilised or partially stabilised zirconia. 

Catalysts suitable for the catalytic partial 
oxidation of a hydrocarbonaceous feedstock are known in 

15 the art. Suitable catalysts typically comprise at least 

one metal selected from Group VIII of the Periodic Table 
as catalytically active metal supported on a 
high-temperature resistant catalyst carrier. In the 
process according to the present invention, the catalyst 

20 carrier is coated with a stabilised or partially 

stabilised zirconia. The zirconia layer is coated on the 
catalyst carrier prior to applying the catalytically 
active metal (s) on it. 

The stabilised or partially stabilised zirconia may 

25 be coated on the catalyst carrier by techniques known in 

the art, preferably by means of washcoating techniques 
such as spraying, dipping or direct application of a sol 
or suspension of zirconia. Preferably, the carrier is 
dried and calcined after washcoating. . The sol or 

30 suspension of zirconia may comprise a small amount of 

other oxides or binders, for example alumina. Preferably, 
the amount of other oxides or binders is less than 20% by 
weight, based on the amount of stabilised zirconia, more 
preferably less than 10% by weight. 
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Preferably, the zirconia is stabilised with one or 
more oxides selected from oxides of Ca, Mg, Al, Ce, La, 
and Y, more preferably selected from Ca and Y. 
Preferably, the amount of stabiliser is in the range of 
5 from 1 to 10% by weight, based on the weight of 

stabilised zirconia, preferably in the range of from 
3 to 7% by weight. 

Preferably, the amount of stabilised or partially 
stabilised zirconia coated on the catalyst carrier is in 

10 the range of from 1 to 4 0% by weight, based on the weight 

of catalyst carrier, more preferably in the range of from 
2 to 30% by weight, even more preferably in the range of 
from 3 to 15% by weight. 

The catalyst of the process of the present invention 

15 may be retained in the reaction zone in any suitable 

form, such as a slurry, a fluidised bed or in the form of 
a fixed arrangement. Preferably, the catalyst is retained 
in the reaction zone as a fixed arrangement. The fixed 
arrangement of catalyst may be in any suitable form, 

20 provided that it is permeable to gas. Examples of 

suitable fixed arrangements of catalyst are a fixed bed 
of catalyst particles, arrangements comprising a metal or 
ceramic monolithic structure as catalyst carrier, such as 
a foam or a honeycomb, or comprising an arrangement of 

25 metal wire, foil or gauze as catalyst carrier, or 

combinations thereof. Preferably the fixed arrangement of 
catalyst has a void fraction in the range of from 
0,4 to 0.98, more preferably in the range of from 
0.6 to 0.95. 

30 The process of the invention is especially 

advantageous if a metal catalyst carrier is used, 
preferably a catalyst carrier comprising an aluminium- 
containing alloy, more preferably an alloy comprising 
iron, chromium and aluminium, such as fecralloy-type 

35 materials. Aluminium-containing alloys are preferably 
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oxidised, for example by calcining at a temperature above 
1000 *'C, prior to applying the coating of zirconia on it. 

Preferred metal catalyst carriers are in the form a 
foam or an arrangement of metal wire, gauze or foil. 

Typically, the catalyst comprises the catalytically 
active metal (s) in a concentration in the range of from 
0,02 to 10% by weight, based on the total weight of the 
catalyst, preferably in the range of from 0.1 to 5% by 
weight. Preferably, the catalyst comprises at least one 
metal selected from Rh, Ir, Pt, and Pd as catalytically 
active metal, more preferably selected from Rh and Ir. An 
especially preferred catalyst comprises an alloy of 
Rh and Ir as catalytically active metal. Preferably, the 
catalyst additionally comprises a performance-enhancing 
inorganic metal cation selected from Al, Mg, Zr, Ti, La, 
Hf, Si, Ce and Ba, which is present in intimate 
association supported on or with the catalytically active 
metal (s), preferably a zirconium cation. 

The process of the present invention is especially 
advantageous if the hydrocarbonaceous feedstock and the 
oxygen-containing gas are contacted with the catalyst for 
at least 5 hours, preferably for at least 10 hours. 

Suitable hydrocarbonaceous feedstocks for the process 
according to the invention comprise hydrocarbons, 
oxygenates or mixtures thereof. Oxygenates are defined as 
molecules containing apart from carbon and hydrogen atoms 
at least 1 oxygen atom which is linked to either one or 
two carbon atoms or to a carbon atom and a hydrogen atom. 
Examples of suitable oxygenates are methanol, ethanol, 
dimethyl ether and the like. The hydrocarbonaceous 
feedstock is gaseous when contacting the catalyst, but 
may be liquid under standard temperature and pressure 
(STP) conditions, i.e. at 0 and 1 atmosphere. 
Preferred hydrocarbonaceous feedstocks are hydrocarbons. 
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The oxygen-containing gas may be oxygen, air, or 
oxygen-enriched air, preferably air. 

The hydrocarbonaceous feedstock and the oxygen- 
containing gas are preferably present in the feed mixture 
5 in such amounts as to give an oxygen-to-carbon ratio in 

the range of from 0.3 to 0.8, more preferably in the 
range of from 0.35 to 0.65. References herein to the 
oxygen-to-carbon ratio refer to the ratio of oxygen in 
the form of molecules (02) to carbon atoms present in the 
10 hydrocarbonaceous feedstock. If oxygenate feedstocks are 

used, e.g. methanol, oxygen-to-carbon ratios below 0.3 
can suitably be used. 

Preferably, the feed mixture additionally comprises 
steam. If steam is present, the steam-to-carbon ratio is 
15 preferably in the range of from above 0.0 to 3.0, more 

preferably of from above 0.0 to 2.0. 

The feed mixture may be contacted with the catalyst 
at any suitable gas hourly space velocity (GHSV) . In the 
process according to the invention, the GHSV will be 
20 typically in the range of from 20,000 to 

10,000,000 Nl/kg/h. 

The feed mixture may be contacted with the catalyst 
at a pressure up to 100 bar (absolute), preferably in the 
range of from 1 to 50 bar (absolute), more preferably of 
25 from 2 to 30 bar (absolute) . 

The invention will now be illustrated by means of the 
following examples. 
Example 1 

Catalyst preparation 

30 Catalyst 1 

A cylindrical arrangement (diameter: 14 mm; length of 
15 mm; void fraction 0.79) of a commercially available 
fecralloy wire (wire diameter 0.2 mm; ex. Resistalloy, 
UK) comprising 72.6 %wt Fe, 22 %wt Cr, 5.3 %wt Al, and 

35 0.1 %wt Y, was calcined at a temperature of 1050 ^'C 
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during 48 hours. The calcined wire arrangement was 
provided with 0.9 %wt Rh and 1,3 %wt Zr^ based on the 
total weight of the catalyst, by immersing it twice in an 
aqueous solution comprising rhodium trichloride and 
zirconyl nitrate. After each immersion, the arrangement 
was dried at 140 ^^C and calcined for 2 hours at 700 **C. 
Catalyst 2 

An arrangement of fecralloy wire having the same 
composition and dimensions as that used in catalyst 1 was 
calcined at a temperature of 1050 during 48 hours. The 
calcined wire arrangement was once dipcoated in a 
commercially available partially-stabilised zirconia 
(Zirconium oxide, type ZO; ex. ZYP Coatings Inc., 
Oak Ridge, USA) . The zirconia is partially-stabilised 
with 4 %wt CaO. After dipcoating, the arrangement was 
calcined for 2 hours at 700 **C. The thus-obtained 
arrangement contained 5.2% by weight partially-stabilised 
zirconia, based on the weight of fecralloy. 

The coated arrangement was further provided with 
1.1 %wt Rh and. 1.6 %wt Zr, based on the total weight of 
the catalyst, by immersing it twice in an aqueous 
solution comprising rhodium trichloride and zirconyl 
nitrate. After each immersion, the arrangement was dried 
at 140 **C and calcined for 2 hours at 700 **C. 
Catalyst 3 

A fecralloy wire arrangement having the same 
composition and dimensions as that used in catalyst 1 was 
calcined at a temperature of 1050 ''C during 48 hours. The 
calcined arrangement was twice dipcoated in a 
commercially available partially-stabilised zirconia 
(Zirconium oxide, type ZO; ex. ZYP Coatings Inc., 
Oak Ridge, USA) . The zirconia is partially-stabilised 
with 4 %wt CaO. After dipcoating, the arrangement was 
calcined for 2 hours at 700 °C. The thus-obtained 
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arrangement contained 9,5% by weight partially-stabilised 
zirconia, based on the weight of fecralloy. 

The coated arrangement was further provided with 
1.4 %wt Rh and 2.0 %wt Zr, based on the total weight of 
5 the catalyst^ by immersing it twice in an 

aqueous solution comprising rhodium trichloride and 
zirconyl nitrate. After each immersion, the arrangement, 
was dried at 140 '^C and calcined for 2 hours at 700 
Catalytic partial oxidation 

10 Experiment 1 (not according to the invention) 

Catalyst 1 (3.3 g) was retained in a 14 mm (internal 
diameter) quartz reactor tube. A feed mixture containing 
naphtha (506.6 g/h) , air (1655 Nl/h) and steam (364 g/h) 
was fed to the catalyst. The temperature of the feed 

15 mixture was 250 **C. The pressure was 6 bar (absolute) . 

The conversion (%wt/wt) of naphtha to carbon oxides, 
i.e. the amount (wt) of carbon oxides produced per 
amount (wt) of naphtha introduced, was measured as a 
function of the hours on stream. 

20 Experiment 2 (according to the invention) 

The same experiment as in experiment 1 was repeated 
with catalyst 2 (3.5 g). 

Experiment 3 (according to the invention) 

The same experiment as in experiment 1 was repeated 
25 with catalyst 3 (3.5 g) . 

Figure 1 shows the conversion (%wt/wt) of naphtha to 

carbon oxides versus run time for experiments 1, 2 and 3. 

The Y axis shows the conversion in % and the X axis shows 

the hours on stream. It can be seen that both the initial 
30 conversion and the stability of the catalyst are improved 

by using a catalyst carrier which is coated with a 

partially stabilised zirconia. 
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Example 2 

Catalyst preparation 
Catalyst 4 

A commercially available structure of corrugated 
5 fecralloy foils (Katapak, ex. Sulzer, CH; corrugation 

length 1,2 mm) having a length of 6 cm and a diameter of 
14 mm, was calcined for 48 hours at 1100 ^'C. The calcined 
structure was once dipcoated in a commercially available 
partially-stabilised zirconia (Zirconium oxide, type ZO; 

10 ex. ZYP Coatings Inc., Oak Ridge, USA). The zirconia is 

partially-stabilised with 4 %wt CaO. After dipcoating, 
the structure was calcined for 2 hours at -700 **C. The 
thus-obtained structure contained 28% by weight 
partially-stabilised zirconia, based on the weight of 

15 fecralloy. 

The coated structure was further provided with 
2.3 %wt Rh and 3.5 %wt Zr, based on the total weight of 
the catalyst, by immersing it once in an aqueous solution 
comprising rhodium trichloride and zirconyl nitrate. 

20 After immersion, the structure was dried at 140 ^'C and 

calcined for 2 hours at 700 °C. 
Catalyst 5 

A commercially available structure of corrugated 
fecralloy foils (Katapak, ex. Sulzer, CH; corrugation 

25 length 1.2 mm) having a length of 6 cm and a diameter of 

14 mm, was calcined for 48 hours at 1100 °C. The calcined 
structure was once dipcoated in a non-stabilised 
zirconia sol (ex. ZYP Coatings Inc., Oak Ridge, USA). 
After dipcoating, the structure was calcined for 2 hours 

30 at 700 **C. The thus-obtained structure contained 27.5% by 

weight non-stabilised zirconia, based on the weight of 
fecralloy. The coated structure was further provided with 
2.0 %wt Rh and 3.1 %wt Zr, based on the total weight of 
the catalyst, by immersing it once in an aqueous solution 

35 comprising rhodium trichloride and zirconyl nitrate. 
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After immersion, the structure was dried at 140 "^C and 

calcined for 2 hours at 700 ^'C. 

Catalytic partial oxidation 

Experiment 4 (according to the invention) 

Catalyst 4 (4.5 g) was retained in a 14 mm (internal 
diameter) quartz reactor tube. A catalytic partial 
oxidation process was carried out using the same feed 
mixture and the same process condition as in 
experiment 1. 

Experiment 5 (not according to the invention) 

Catalyst 5 (4.4 g) was retained in a 14 mm (internal 
diameter) quartz reactor tube. A catalytic partial 
oxidation process was carried out using the same feed 
mixture and the same process condition as in 
experiment 1 . 

Figure 2 shows the conversion (%wt/wt) of naphtha to 
carbon oxides versus run time for experiments 4 and 5. 
The Y axis shows the conversion in % and the X axis shows 
the hours on stream. It can be seen that the stability of 
the catalyst wherein the carrier is coated with a 
partially-stabilised zirconia is higher than the 
stability of a catalyst wherein the carrier is coated 
with a non-stabilised zirconia. 
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CLAIMS 



1. A process for the catalytic partial oxidation of a 
hydrocarbonaceous feedstock comprising contacting the 
hydrocarbonaceous feedstock and an oxygen-containing gas 
with a catalyst in a reaction zone, wherein the catalyst 
comprises at least one metal selected from Group VIII of 
the Periodic Table supported on a ceramic or metal 
catalyst carrier, which carrier is coated with a 
stabilised or partially stabilised zirconia. 

2. A process according to claim 1, wherein the zirconia 
is stabilised or partially stabilised with one or more 
oxides selected from oxides of Ca, Mg, Al, Ce, La, and Y, 
preferably from oxides of Ca and Y, 

3. A process according to claim 1 or 2, wherein the 
carrier material is coated with an amount of stabilised 
or partially stabilised zirconia in the range of from 

1 to 40% by weight, preferably in the range of from 

2 to 30% by weight, more preferably in the range of from 

3 to 15% by weight* 

4. A process according to any of the preceding claims, 
wherein the catalyst is retained in the reaction zone in 
the form of a fixed arrangement. 

5. A process according to any of the preceding claims, 
wherein the catalyst carrier is a metal catalyst carrier, 
preferably comprising an aluminium-containing alloy, more 
preferably an iron, chromium and aluminium-containing 
alloy. 

6. A process according to claim 4 or 5, wherein the 
catalyst carrier is in the form of a foam. 

7. A process according to claim 5, wherein the catalyst 
carrier is in the form of a three-dimensional arrangement 
of metal wire, foil, or gauze. 
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8. A process according to any of the preceding claims, 
wherein the at least one Group VIII metal is selected 
from Rh, Ir, Pt, and Pd, more preferably from Rh and Ir, 
even more preferably is an alloy of Rh and Ir. 

9. A process according to any of the preceding claims, 
wherein the catalyst additionally comprises an inorganic 
metal cation selected from Al, Mg, Zr, Ti, La, Hf, Si, Ce 
and Ba, which is present in intimate association 
supported on or with the at least one Group VIII metal, 
preferably a zirconium cation. 

10. A process according to any of the preceding claims, 
wherein the hydrocarbonaceous feedstock and the oxygen- 
containing gas are contacted with the catalyst for at 
least 5 hours, preferably for at least 10 hours. 



INTERNATIONAL SEARCH REPORT 



Interne iJ Application No 

PCT/EP 00/13112 



A. CLASS1RCAT10N OF SUBJECT MATTER , 

IPC 7 C01B3/38 C01B3/40 



Aooording to International Patent Ciassificatkxi (IPC) or to both national classjficalion and IPC 



B. HELDS SEARCHED 



Minimum documeniation searched (dassitication system foflowed by classification symbols) 

IPC 7 COIB 



Documentation searched other than minimum documentation to the extent thai such documents are included in the fields searched 



Electronic data base consulted during the International search (name of data base and, where praoticai. search terms used) 

EPO-Internal , API Data, PAJ, WPI Data, INSPEC. COMPENDEX 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to daim No. 



wo 96 04200 A (SHELL INT RESEARCH ; SHELL 

CANADA LTD (CA)) 

15 February 1996 (1996-02-15) 

page 12, line 3 -page 14, line 4 

examples 

EP 0 548 679 A (IDEMITSU KOSAN CO) 
30 June 1993 (1993-06-30) 
Claims; examples 

WO 99 37580 A (PIETERSE COEN WILLEM 
JOHANNES ;SCHADDENHORST DAVID (NL); 
HUISMAN H) 29 July 1999 (1999-07-29) 
examples 



1-10 



1-10 



1-10 



0 



Further documents are listed in the continuation of box C. 



Patent family members are listed in annex. 



" Spedal categories of cited documents : 

'A' document defining the general stale of the art which is not 

considered to be of particular relevance 
*E' earner document but published on or after the international 

filing date 

'L' document which may throw dout)ts on priority daim(s) or 
which is cited to establish the publicatbn date of another 
dtatlon or other spedal reason (as specified) 

'O* document referring to an oral disdosure. use. exhibition or 
other means 

'P* document published prior to the international fiBng dale but 
later than the priority date daimed 



*T' later docunrient pub&shed after the international fling date 
or priority date and not in conflict with the application but 
cited to understand the prindple or theory undertying the 
invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document Is taken alone 

•Y' document of particular relevance; the claimed inventbn 
cannot be considered to involve an inventive step when five 
docunient is combined with one or more other such docu- 
ments, such combination being obvious to a person sidled 
in the art. 

'&* document member of the same patent family 



Date of the actual completion of the International search 



10 April 2001 



Date of mailing of the International search report 



20/04/2001 



ftome and mailing address of the ISA 

European Patent CXfice. P.B. 5818 Patentlaan 2 
Nt - 2280 HV RiiswiiK 
TeL (431-70) 340-2040. Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Authorized ofTicer 



Van der Poel, W 



Fbim PCT/iaVZIO (second sheet) (Ju^ 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



Intem: at Application No 

PCT/EP 00/13112 



C.(Contlnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Ciiallon of document, with Indication.wmere appropriate, of the relevant passages 



Relevant to claim No. 



PATENT ABSTRACTS OF JAPAN 

vol. 1997, no. 10, 

31 October 1997 (1997-10-31) 

& JP 09 168723 A (MATSUSHITA ELECTRIC IND 

CO LTD), 30 June 1997 (1997-06-30) 

abstract 



Foim PCT/ISM210 (ocntkiuairon t* seawid shoot) (jmy 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Inronnatlon on patent family memberB 



Intern: at Application No 

PCT/EP 00/13112 



Patent document 
cited In search report 


Publication 
date 


Patent family 
memt}er(s) 


Publication 
date 


WO 9604200 A 


15-02-1996 


US 


5639401 


A 


1 7_n£_1 OQ7 

1/— uo— iyy/ 




AU 


693245 


B 


fco-uo— iyyo 




AU 


3256695 


A 


u^j— uo— lyyo 




BR 


9508457 


A 


u«j-ii— lyy/ 




CA 


2196433 


A 






CN 


1154684 


A,B 


10-u/— iys/ 




DE 


69517033 


D 


£l-UO— £lJUO 




DE 


69517033 


T 


^R 11 onnn 
io-Jll-^UUU 




EP 


0773906 


A 


21-05-1997 




ES 


2149370 


T 


01-11-2000 




JP 


10503462 


T 


31-03-1998 




NO 


970399 


A 


30-01-1997 




NZ 


291436 


A 


26-08-1998 




ZA 


9506360 


A 


11-03-1996 



EP 0548679 


A 


30-06-1993 


AU 


661742 B 


03-08-1995 








AU 


3002092 A 


01-07-1993 








CA 


2085315 A 


21-06-1993 








OP 


5221602 A 


31-08-1993 








NO 


924885 A 


21-06-1993 








NZ 


245394 A 


28-03-1995 


UO 9937580 


A 


29-07-1999 


AU 


3250099 A 


09-08-1999 








BR 


9907110 A 


24-10-2000 








CN 


1288442 T 


21-03-2001 








EP 


1049645 A 


08-11-2000 








NO 


20003700 A 


19-07-2000 








ZA 


9900313 A 


19-07-1999 



OP 09168723 A 30-06-1997 NONE 



Fbfm PCT/lSA/210 (patanl (amfiy amax) (July 1802) 



